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DUAL HAPTIC VEHICLE CONTROLAND 
DISPLAY SYSTEM 

BACKGROUND 

Until recently, the relatively few functions that existed in 
vehicles were controlled by a few individual components. 
For example, windows were activated by Switches on the 
door of the driver, radio controls were present on the 
dashboard located between the driver and passenger, and 
windshield wipers, lights, and turn Signals were controlled 
by Stalk Switches present on the Steering column. AS the 
various types of control associated with this equipment 
increased, for example, individual timing Settings for wind 
Shield wipers, Stalk Switches were added and refined to 
incorporate these multiple controls. However, the added cost 
and complexity of increasing both the number of Stalk 
Switches, positioning the Stalk Switches to allow operator 
access and visibility of the dashboard indicators, as well as 
the complexity of the wiring for those Stalk Switches and the 
limited Space in the Steering column as the amount of vehicle 
equipment increased, eliminated the possibility of further 
useful alterations in the Stalk Switches. 

To solve the problem of controlling multiple pieces of 
equipment without increasing the number of Stalk Switches, 
knobs were added to the dashboard between the driver and 
passenger and buttons were added to the Steering wheel 
itself. Some of the functions controlled by buttons on the 
Steering wheel include radio and CD functions, Volume 
control, and cruise control. Unfortunately, as the number of 
controls and complexity of the controls in vehicles has 
further increased, the number and complexity of various 
buttons and Switches has become extremely cumberSome 
and in fact prohibitive. The sheer amount of information 
available to the driver and equipment to be controlled by the 
driver no longer merely includes the above controls but 
includes for instance vehicle characteristics (Such as gas 
mileage), temperature controls, multiple Zones of comfort 
that need to be set, DVD controls, controls for cellular 
telephones, controls for GPS systems, controls for wireless 
email. The further addition of buttons, knobs, or Switches 
would add to the already confusing jumble of controllers 
that exist and Serve to further distract the driver from paying 
attention to the road. 
One Solution to controlling the increasing amount of 

equipment is through the use of haptic interfaces. Haptic 
interfaces are devices that allow a user to interact with a 
computer by receiving tactile feedback. Usually feedback to 
the operator is provided by generating a force that the user 
can Sense by feel. This force can either be constant or have 
different modes dependent on the operating conditions and 
particular computer program running. With the recent 
decreasing cost of Such devices, the haptic interface has been 
incorporated into many new applications. Some of these 
devices include glove-type devices, pen-type devices or 
mouse-type devices, which may serve to allow users to 
touch and manipulate 3-dimensional virtual objects, feel 
textures of 2-dimensional objects, operate machinery 
remotely in hazardous environments, or in various simula 
tions. In the last case, with the rapid increase in computing 
power and decrease in cost, haptic control is now readily 
available to enhance realistic conditions for numerous types 
of Simulations, for example Video games Such as car driving 
gameS. 

However, there has been more limited application of 
haptic interfaces to vehicles. This is because, unlike Video 
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2 
game controllers which may be designed specifically for 
Simulation and haptic control, vehicles have limitations of 
cost and Space that make use of haptic controllers either 
unaffordable or unmarketable for the advantage they pro 
vide. Or these limitations used to render the use of haptic 
interfaces Simply unusable in vehicles. Furthermore, unlike 
Video game controllers in which buttons are constantly being 
activated, Steering wheel twisted, or lever manipulated and 
Violent feedback constantly required, vehicle controls do not 
require this sort of motion. Nor is this type of motion 
preferable for controlling functions in a vehicle, in which the 
controlling equipment may be critical for Safety purposes 
and Such motions are likely to at least distract the driver. 
At present, a haptic interface has only been installed in a 

luxury vehicle. This haptic interface has been used to control 
Some of the extra functions that have been added or con 
trolled by the various buttons and knobs on the steering 
wheel? on the dashboard and eliminated these controllers. 
However, present haptic interfaces are difficult to learn and 
use as the number of menu options are extensive and 
irregularly displayed on the display. In general, only text is 
shown and there is limited display graphics. Furthermore, 
there are multiple nested Screens with little, if any, indication 
of how to get from one Screen to another. In addition, there 
are few degrees of freedom for the controller within each 
Screen. This means that until the driver memorizes the 
overall system, the driver is likely to have to study the 
display to determine which function he or She has activated 
and decide how he or she must further manipulate the 
controller to achieve the desired result. In addition, even if 
the driver is competent, if the driver makes a mistake, it is 
difficult to return to the screen to control the desired func 
tion. Furthermore, a multitude of buttons, knobs, and Stalk 
Switches, Still remain, creating confusion as to what mecha 
nism controls which function. 

SUMMARY 

It is an object of the present invention to solve the above 
mentioned problems and establish a user-friendly haptic 
interface that is quick and reliable to use. In addition, as Stalk 
Switches are relatively bulky and the elimination of the stalk 
Switches (and their various electrical wiring requirements) 
would result in an increase to the uSeable Space of the 
Steering column or reduction in Steering column diameter, it 
is an object to provide a steering wheel in which the Steering 
column is devoid of stalk Switches. Further, another object 
of the present invention to provide redundant mechanisms to 
decrease the possibility of driver error in manipulation and 
control of the various vehicle functions. Also, it is another 
object of the present invention to provide a display or 
graphical interface that displays interaction requirements 
between the operator and the haptic controller in an intuitive 
fashion. This gives the operator a Series of options in an 
easily recognizable format on the display, represented as 
Simulated mechanical controls of arranged in a logical 
Sequence. 

To these ends, as well as others discussed below, one 
embodiment of the dual haptic control System comprises a 
first haptic controller disposed on a Steering wheel of a 
vehicle and a Second haptic controller disposed on a console 
Separated from the Steering wheel. 
The first and Second haptic controllers may control over 

lapping functions or the functions controlled may be sepa 
rate. The first haptic controller may be a mini-haptic con 
troller that controls fewer functions of the vehicle than the 
Second haptic controller control. Only a portion of the 
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Steering wheel related to the first haptic controller may 
provide tactile feedback. 
Menu keys may exist on the Steering wheel or hotkeys on 

the console. The menu keys and hotkeys direct control of the 
first or Second haptic controller to a desired function to be 
controlled. The menu keys and hot keys may be disposed 
adjacent to the first or Second haptic controller, respectively. 
Switches may additionally be disposed on the Steering 
wheel, the combination of Switches replacing all Stalk 
Switches on a steering column connected with the Steering 
wheel. The Switches on the Steering wheel may be arranged 
in a logically consistent format Such that groups of Switches 
having related functions are grouped together. The Switches 
may control functions of the vehicle not controlled by either 
of the first and second haptic controllers. The first haptic 
controller may comprise a haptic wheel interface having 
functions Selected through rotation and activated through 
depressing the wheel interface. 
A display that displayS results of interaction between a 

user and any of the first and Second haptic controllers and 
first and Second hotkeys may be present. The display may 
display interaction options between the user and the Second 
haptic controller as Simulated mechanical controls of func 
tions available to the user in a present State of the haptic 
control System and operations of the Second haptic controller 
to control the functions available to the user in the present 
State. These simulated mechanical controls may be buttons 
which each contain an operation to control a particular 
function or a sub-function of the particular button. The 
buttons may contain both text and graphics, the text indi 
cating the particular function of the particular button and the 
graphics illustrating an appropriate Symbol indicating the 
particular function of the particular button, Sub-functions of 
the particular function, or the operation to control the 
particular function or Sub-function. Further, information of 
Settings of functions of the haptic control System other than 
the functions available in the present State may be displayed 
outside the buttons. Tactile feedback may be provided for 
operation of the Second haptic controller consistent with the 
operation to control the particular function or Sub-function 
when the particular button has been Selected by the user. 

In addition, a voice redundancy mechanism that provides 
voice redundancy for limited functions controlled by the first 
and Second haptic controllerS may be present. 

In another embodiment, the vehicle haptic control System 
comprises a first haptic controller and a first Set of hotkeys 
that are disposed on the Steering wheel, with the first Set of 
hotkeys directing control of the first haptic controller, and a 
Second haptic controller that is disposed on a console 
Separate from the Steering wheel. 

The first haptic controller may comprise a haptic wheel 
interface having functions Selected through rotation and 
activated through depressing the wheel interface. 

In another embodiment of the present invention, a method 
of controlling functions of a vehicle comprises providing 
haptic control on a steering wheel of the vehicle and 
controlling a first Set of the functions of the vehicle using the 
haptic control on the Steering wheel, providing Separate 
haptic control on a console of the vehicle and controlling a 
Second Set of the functions of the vehicle using the haptic 
control on the console, and eliminating Stalk Switches on a 
Steering column of the vehicle. 

The method may comprise establishing control of at least 
Some of the same functions between the haptic controls on 
the Steering wheel and the console. In addition, the method 
may comprise limiting the first Set of functions to fewer 
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4 
functions than the Second Set of functions or duplicating all 
of the first set of functions in the second set of functions. 

The method may comprise establishing tactile feedback 
on only a portion of the Steering wheel. The method may 
comprise enabling display of results of use of either haptic 
control or providing voice redundancy for limited functions 
controlled by the haptic controls. 
The method may comprise establishing direct control of 

the haptic control on the Steering wheel to a desired function 
to be controlled through a first Set of hotkeys on the Steering 
wheel. In addition, the method may comprise arranging the 
first Set of hotkeys to be adjacent to the haptic control on the 
Steering wheel or arranging a Second Set of hotkeys to be 
adjacent to the haptic control on the console. In the latter 
case, the method may additionally comprise establishing 
direct control of the haptic controls to functions to be 
controlled through the respective Set of hotkeys and further 
yet comprise enabling display of the results of use of any of 
the haptic controls and Set of hotkeys. 
The method may comprise replacing functions of the Stalk 

Switches by functions controlled by Switches on the Steering 
wheel, the haptic control on the Steering wheel, and first Set 
of hotkeys. Also, the method may comprise reducing a 
number of buttons on the Steering wheel by replacing a Set 
of buttons on the steering wheel with the haptic control on 
the Steering wheel or arranging Switches on the Steering 
wheel in a logically consistent format Such that groups of 
Switches having related functions are grouped together. 

Other embodiments, a method and computer-readable 
medium that executes a procedure of Supplying vehicle 
information for a vehicle on different Screens comprises 
grouping the vehicle information into different Systems of 
the vehicle, providing different Sets of adjustable functions 
for the different Systems, displaying each Set of adjustable 
functions for a particular System on a representative Screen 
for displaying the adjustable functions of a presently 
Selected System, and pictorially representing the adjustable 
functions, pictorial representations of the adjustable func 
tions containing one of interactive graphics and an interac 
tive alphanumerical display that correspond to present States 
of the adjustable functions, Selecting an adjustable function 
of the vehicle through manipulation of a haptic controller in 
the vehicle, controlling a present State of the Selected 
adjustable function through manipulation of the haptic con 
troller; and indicating the present State of the controlled 
adjustable function on the representative Screen displaying 
the presently Selected System. 
The method/computer-readable medium may comprise 

incorporating textual information with the pictorial 
representations, the textual information Supplied with each 
adjustable function indicating a name of the adjustable 
function. 
The method/computer-readable medium may comprise 

displaying the adjustable functions as buttons and incorpo 
rating the pictorial representations in the buttons. The 
method may further comprise displaying available Sub 
functions of each adjustable function in the button corre 
sponding to the adjustable function that include the available 
Sub-functions. In addition, the method may further comprise 
displaying, in the button corresponding to the adjustable 
function, a method of controlling one of the adjustable 
function and a presently Selected available Sub-function of 
the adjustable function using the haptic controller. Also, the 
method may further comprise displaying, in the button 
corresponding to the adjustable function, textual information 
indicating the present State of the adjustable function. 



US 6,961,644 B2 
S 

The method/computer-readable medium may comprise 
highlighting a presently Selected Sub-function or outlining a 
presently Selected button. The method may comprise 
displaying, outside the buttons, information other than that 
of the presently Selected System. 

The method/computer-readable medium may comprise 
allowing immediate control of a most often used function of 
a particular Screen when the particular Screen is accessed. 
The method may comprise Supplying one of tactile and 
Voice feedback to the operator indicating one of when a 
Screen is entered and when one of a function and Sub 
function displayed is Selected, when the one of the Screen is 
entered and the one of the function and Sub-function dis 
played is Selected. 

In another embodiment, a System that provides vehicle 
information to an occupant of a vehicle comprises: elec 
tronic components including a processor, memory, and 
Video display circuitry, the processor grouping the vehicle 
information into different systems of the vehicle that have 
Sets of adjustable functions, a display having a Screen, the 
processor controlling the display to display each Set of the 
adjustable functions for a particular System on a represen 
tative Screen that displays the adjustable functions of a 
presently Selected System and to Supply pictorial represen 
tations of the adjustable functions, the pictorial representa 
tions containing one of interactive graphics and an interac 
tive alphanumerical display that correspond to present States 
of the adjustable functions, the representative Screens and 
pictorial representations Stored in the memory; and inputs 
through which the adjustable functions are adjusted, the 
inputs including a haptic controller manipulated to Select 
one of the adjustable functions and control a present State of 
the Selected adjustable function. In this System, the elec 
tronic components receive signals from the inputs and 
transmit Signals to the display indicating the present State of 
the controlled adjustable function on the representative 
Screen displaying the presently Selected System. 

The processor may control the display to incorporate 
textual information with the pictorial representations, the 
textual information Supplied with each adjustable function 
indicating a name of the adjustable function. 

The processor may control the display to display the 
adjustable functions as buttons and incorporating the picto 
rial representations in the buttons. In this case, he processor 
may control the display to display available Sub-functions of 
each adjustable function in the button corresponding to the 
adjustable function that include the available sub-functions. 
Further, the processor may control the display to display, in 
the button corresponding to the adjustable function, a System 
of controlling one of the adjustable function and a presently 
selected available sub-function of the adjustable function 
using the haptic controller. Alternatively, the processor may 
control the display to display, in the button corresponding to 
the adjustable function, textual information indicating the 
present State of the adjustable function and/or control the 
display to highlight a presently Selected Sub-function. The 
processor may control the display to outline a presently 
Selected button and/or to display, outside the buttons, infor 
mation other than that of the presently Selected System. 

The processor may allow immediate control of a most 
often used function of a particular Screen when the particular 
Screen is accessed. 

The System may further comprise an audio System con 
trolled by the processor, and the processor control signals to 
Supply one of tactile and Voice feedback to an operator of the 
haptic controller that indicates one of when a Screen is 
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6 
entered and when one of a function and Sub-function dis 
played is Selected, when the one of the Screen is entered and 
the one of the function and Sub-function displayed is 
Selected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an embodiment of the present invention; 
FIG. 2 shows an embodiment of a steering wheel of the 

present invention; 
FIG. 3 shows an embodiment of a steering wheel and 

Steering column of the present invention; 
FIG. 4 shows an embodiment of the overall system of the 

present invention; 
FIG. 5 shows an embodiment of the main haptic controller 

and display of the present invention; 
FIG. 6 is a close-up of an embodiment of the primary 

haptic control of the present invention; 
FIG. 7 shows possible motions of an embodiment of the 

main haptic controller of the present invention; 
FIG. 8 illustrates a main screen display of an embodiment 

of the present invention; 
FIGS. 9a and 9b illustrate a radio screen display and 

functionality of an embodiment of the present invention; 
FIGS. 10a and 10b illustrate a climate control Screen 

display and functionality of an embodiment of the present 
invention; 

FIGS. 11a and 11b illustrate a CD/DVD screen display 
and functionality of an embodiment of the present invention; 

FIG. 12 illustrates a navigation Screen display of an 
embodiment of the present invention; 

FIG. 13 illustrates a driver information center Screen 
display of an embodiment of the present invention; 

FIGS. 14a, 14b, and 14c illustrate email screen displays 
and functionality of an embodiment of the present invention; 

FIGS. 15a, 15b, and 15c illustrate phone/voicemail screen 
displays and functionality of an embodiment of the present 
invention; 

FIG. 16 shows different embodiments of tactile feedback 
Supplied in an embodiment of the present invention; and 

FIG. 17 shows an embodiment of the embedded system in 
an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

Presently, haptic controllers used in vehicles merely add 
to the confusing array of Switches and levers available to 
control functions of the vehicle. In addition, existing haptic 
controllers display the effects of possible operations of the 
haptic controllers in a non-intuitive manner, adding to the 
chaos associated with controlling the vehicle and distracting 
the driver from driving by requiring him or her to Search the 
display for extended periods of time to find the various 
function and operation desired. This is not only dangerous, 
but also limits the usefulness of the haptic controller to the 
point that there essentially exists no need to incorporate Such 
an element in the overall vehicle control System. 
The present invention incorporates a haptic interface that 

is reliable to use and easy to learn. Display of the functions 
available to the driver in the present state of the system is 
arranged in a logical and consistent format that is easily 
recognizable, as is display of any Sub-functions available. 
Textual information is limited and pictorial information 
displayed to the operator in an intuitive manner Such that an 
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operator first learning the System as well as well those versed 
in the System can operate the System quickly, easily, and 
without having his or her attention drawn to the display for 
extended periods of time. Tactile feedback applied to the 
haptic controller and felt by the driver during operation of 
Some of the functions and Sub-functions increase the versa 
tility of the System. Tactile feedback, as used herein, is more 
than merely a feeling provided to the user by the mechanical 
activation of a Switch; a driving force is applied by a motor 
So that the user feels variations in the force dependent on the 
function being controlled by the haptic controller in that 
particular State. The tactile feedback is programmable. 
Further, redundant mechanisms, Such as alternate haptic 
controllers that are located in a more convenient manner 
than the primary haptic controller or voice feedback for 
limited functions decrease the driver error in manipulation 
and control of the various vehicle functions in addition to 
increasing the Safety of the vehicle's occupants. In addition, 
the overall System eliminates Stalk Switches as well as 
reduces the electrical wiring in the Steering column associ 
ated with the stalk Switches. The various functions being 
controlled or adjusted refer to operation of vehicle 
equipment, e.g. lights (flash to pass/beam change), wind 
Shield wipers, Sound Systems, climate control, as well as 
navigation, email and phone Systems present in the vehicle. 
One embodiment of the haptic system is shown in FIG.1. 

AS illustrated in FIG. 1, the haptic System includes a steering 
wheel 110, a primary haptic control 130, and a display/input 
section 140. Although it cannot be seen from the view shown 
of FIG. 1, the steering column in the steering wheel 110 does 
not contain any Stalk Switches. This also reduces the internal 
Wiring in the Steering column associated With and necessary 
for the stalk Switches and thereby permits more room in the 
Steering column for the power tilt and telescope, angle 
Sensor and ignition System or permits the Steering column to 
be decreased in diameter. The steering wheel 110, primary 
haptic control 130, and display/input section 140, as well as 
the various controllers and mechanisms associated with each 
of these are fabricated using materials well known in the art. 
An enlarged illustration of the wheel is shown in FIG. 2. 

All of the functions contained in normal Stalk Switches Such 
as various functions flash to pass/high beam, turn Signals, or 
windshield wiper speed are now provided either by Switches 
112 on the steering wheel 110. Along with the Switches 112 
and the haptic controller 116, the steering wheel 110 is 
provided with menu keys 114, an air bag/horn 118, and 
colored portions 120. The air bag/horn 118 is a standard 
component located at the center of the steering wheel 110 
and will not be further discussed here. Similarly, the mate 
rials used to fabricate the steering wheel 110 are well known 
in the art and will not be further discussed here. The 
combination of the Switches 112 permits all of the stalk 
Switches on the Steering column to be eliminated. 

The colored portions 120 make the steering wheel 110 
more aesthetically pleasing. In addition, the colored portions 
120 guide the driver to the desired switch or hotkey without 
requiring the driver to be distracted from the road through 
the driver's peripheral vision. The colored portions 120, of 
course, can be eliminated to make the Steering wheel 110 a 
uniform color. 

The Switches 112 are disposed in multiple locations: 
around the center of the steering wheel 110, adjacent to the 
air bag 118, along the rim of the steering wheel 110, on the 
backside of the Steering wheel 110, and along the spokes 
connecting the rim and the center of the Steering wheel 110. 
There is no functionality overlap between the Switches 112 
and the haptic interface, that is, the Switches 112 do not 
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8 
control the Same functions as those controlled by various 
haptic controllers in the vehicle. One of the advantages of 
this is that the Switches 112 control vehicle equipment that 
is necessary for operating the vehicle itself and establishing 
Safety of the vehicle in different driving situations, i.e. flash 
to pass/high beam for night driving, windshield wiperS for 
rainy conditions, cruise control and turn Signals. Such equip 
ment is not at the mercy of a passenger (through the main 
haptic controller), nor does the driver have to review a 
display to determine whether the correct piece of equipment 
or function is being activated or toggle through different 
menus to activate these function. 

In addition, the Switches 112 are divided into groups of 
Switches 112a, 112b, 112c, 112d that are arranged in a 
logical manner to facilitate both initial education and later 
usage. The groups of Switches have related functions, the 
first group of Switches 112a adjacent to the center of the 
steering wheel 110 allow the driver to manipulate the cruise 
control, the Second group of Switches 112b on the Spokes of 
the steering wheel 110 permit the driver to control the 
windshield wipers, the third group of Switches 112c on the 
backside of the steering wheel 110 allow the driver to change 
to high beam and flash to pass, and the fourth group of 
Switches 112d on the rim of the steering wheel 110 allow the 
driver to activate the turn Signals. The various groups are 
arranged to be easily accessible by the driver. For example, 
the fourth group of Switches 112d, which are likely to be 
accessed more than any other group, are disposed Such that 
they can be actuated by the driver's thumbs when the driver 
is holding the wheel in the standard and safe 10 o'clock-2 
o'clock position. Thus, to actuate the turn signals, the driver 
merely depresses the appropriate Switch with the respective 
thumb and does not have to remove one of his or her hands 
from the wheel. This increases the safety of all occupants of 
the vehicle as the driver either does not have to remove his 
or her hands from the wheel to actuate or manipulate a Stalk 
Switch to control these functions or, in the case of turn 
Signals or lights, even move his or her hands much. The 
cancellation of the turn Signal is controlled by the angle 
Sensor in the Steering column. This device can also be 
programmed to turn off certain functions during rotation of 
the Steering wheel to prevent inadvertent actuation. 
The mini-haptic controller 116 is a wheel interface that 

increases the ability of the driver to control multiple vehicle 
functions with a reduced number of inputs. The wheel 
interface 116 is able to be both rotated and depressed to 
Select a vehicle function in the infotainment area to be 
controlled. AS an example, the CD menu key is pressed, 
thereby entering the CD main menu. The volume control is 
automatically selected. The wheel interface 116 may be 
depressed to select additional functions (Track, Mode) and 
then rotated to adjust that particular function. After Selecting 
the Track function, the track number may be toggled through 
rotating the wheel interface 116. 

Although multiple depressing and actuation could be 
performed to select different Sub-functions, it is preferable 
that the wheel interface 116 have limited functionality (i.e. 
only one Sub-function of a particular menu is able to be 
Selected) due to not only size and location constraints but in 
addition ease of use. Alternatively, automatic Selection is 
derived from each menu key 114. For example, by depress 
ing the RADIO menu key the operator may adjust the 
Volume automatically, by depressing the wheel other allow 
able functions within that menu are selected (PRESET, 
SEEK). This may be the same for the CD menu (whose 
functions are Volume, Track, and Mode) and the climate 
control (whose functions are Temp, Fan, and Mode). 
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The wheel interface 116 is a mini-haptic controller that 
controls only a few functions of the information System of 
the vehicle compared with the main haptic controller. One of 
the redundancies in the present invention is that all of the 
functions controlled by the mini-haptic controller are also 
controlled by the main haptic controller (in addition, a voice 
redundancy mechanism that tells the driver what function/ 
Sub-function is being Selected or actuated is also preferably 
provided for limited functions controlled by the mini-haptic 
controller). This permits the driver to control the same 
functions at two different locations, whichever he or she 
prefers. It also permits the driver to access the most used 
functions quickly and easily, without having to remove his 
or her hands from the steering wheel or draw his or her 
attention from the road. In addition, if a passenger alters the 
music playing, the Volume of the music, or the temperature, 
for example, in a manner that is displeasing to the driver via 
the main haptic controller, the driver does not have to fight 
with passenger for control of the main haptic controller. 

Further, tactile feedback is provided on the steering wheel 
110 to the haptic controller 116 only-not to the Switches 
112, menu keys 114 or overall steering wheel. The particular 
tactile feedback is dependent on the function or Sub-function 
over which the driver is exercising control. The motor and 
related mechanisms (not shown) that Supply the tactile 
feedback are housed in the Steering column. The manner in 
which the motor and related mechanisms provide the tactile 
feedback is well known in the art. As a result of the Small 
size of the haptic controller 116 as well as the limited 
functions controlled, only a Small motor is required to 
Supply the necessary tactile feedback. This enables the 
mini-haptic controller to be introduced to the Steering wheel 
as Well as the associated mechanical equipment necessary to 
provide the tactile feedback to be disposed in the Steering 
column. Increasing the weight of the device to which tactile 
feedback is applied correspondingly increases the motor Size 
to provide the necessary amount of feedback to enable the 
user to sense this feedback. The additional size of the 
mini-haptic System that contains the motor and associated 
mechanical equipment makes fitting the haptic System into 
the Steering column problematic. 

The steering wheel 110 also contains menu keys 114. 
Each menu key 114 permits the driver to access a particular 
function of the Infotaiment system that is associated with the 
menu key. Thus, the driver Simply activates the menu key 
asSociated with that particular menu and then uses either the 
mini-haptic controller 116 or the main haptic controller 132 
to access the desired Sub-function from that State. 

The menu keys 114 are separated from the Switches 112 
and are disposed far enough away from the Switches 112 
Such that the driver experiences little (if any) confusion 
between which of the two is being actuated. The menu keys 
114, like the Switches, are divided up into sets of related 
functions; the first set of menu keys 114a permits the driver 
to Select the Sound transmission/climate control and the 
second set of menu keys 114b permits the driver to select the 
audio equipment (radio, CD). The first set of menu keys 
114a is adjacent to the center of the steering wheel 110, 
arranged symmetrically with respect to the first group of 
Switches 112a with respect to the dynamics of the Steering 
wheel 110 (i.e. the centers of the first group of each are about 
120° apart). The second set of menu keys 114b is adjacent 
to the mini-haptic controller 116, both of which are disposed 
on a spoke of the Steering wheel 110 and arranged Sym 
metrically with respect to the Second group of Switches 112b 
as above. 

The Switches 112 and menu keys 114 have illustrations or 
other demarcations that indicate with which function they 
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10 
are associated. The top Surface of the Switch/menu key may 
be Solid and the illustrations present on the top Surface. 
Alternately, the Switch/menu key may have the illustration 
carved into the top surface and have an LED (or other 
Similar backlight) provided under the top Surface to enable 
the illustration to be visible to the driver. 

Usually, the Switches 112 and menu keys 114 are perma 
nently attached so that if the vehicle is involved in an 
accident, these components do not become dislodged from 
the Steering wheel to become projectiles. This is unlike the 
hotkeys in the center of the vehicle, which are preferably 
fabricated using Substantially interchangeable buttons. 
However, the Switches 112 and menu keys 114 can also be 
fabricated using Substantially interchangeable buttons, that 
is, buttons of the same external size and shape for ease of 
assembly and utility in configuration. In this case, the 
housings into which the buttons are placed may be the Same, 
but the underlying configuration of the button different such 
that each particular function has a Specific button configu 
ration. For example, each housing has four contacts and each 
button grounds different combinations of these contacts (16 
possible configurations=16 buttons) to indicate to circuitry 
connected with the housing which button is present. The 
interchangeability of the hotkeys (and possibly menu keys 
and Switches) permits free layout of these components and 
allows the operator to interchange the components based on 
personal preference. Alternately, of course, the housings into 
which the buttons are placed may have functions automati 
cally associated with that particular housing Such that the 
Switches or menu keys are identical (except for the 
illustrations). 
The steering wheel has LEDs or other comparable indi 

cators for different indicators. These include indication that 
the cruise control is active, indication that the high beams 
are on, and the drive gear that the vehicle is in. 
An embodiment of the Steering wheel along with the 

Steering column is shown in FIG. 3. The Steering column is 
devoid of Stalk Switches and contains other components Such 
as a passive RKE System. The Steering column contains, for 
example, an angle Sensor. The angle Sensor determines the 
rotation angle of the Steering wheel for control of, for 
instance, the Steering System and anti-lock brake System. 
The underlying mechanical and electrical Systems are 

depicted in FIG. 4. As shown in FIG. 4, the steering wheel 
contains switches and menu keys (SWM/HKM) as well as 
the mini-haptic controller (MHAPM). Signals are transmit 
ted from the Switches and menu keys along a CAN bus, 
which is designed to operate in noisy electrical environ 
ments with a minimum of data loss. The CAN bus also 
includes signals from the angle Sensor module (ASM), 
which detects the rotation of the Steering wheel and trans 
mits signals to the appropriate mechanical devices to, for 
example, turn the wheels the correct amount. The informa 
tion from the ASM and the steering wheel are transmitted 
along the CAN bus to an instrument panel module (IPM). 
The IPM controls appropriate equipment in an equipment 
cluster. In addition, Signals from all Sets of menu keys and 
hotkeys (on the wheel, on the console adjacent to the main 
haptic controller, and in the bank of hotkeys) are transmitted 
to the IPM. Signals are also transmitted from the IPM to an 
embedded System in the engine compartment via an RS232 
or Similar bus. 

The embedded system 200, as shown in FIG. 17, contains 
various electronic components including a processor 202, 
memory 204, and Video card or Similar circuitry/electronics 
206 (as well as associated programming and display code 
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and other necessary circuitry/electronics 208) to control the 
display and illustrate the appropriate Screen and effects on 
that Screen, Such as motion of the outlining or highlighting 
or the interactive information. The embedded system trans 
mits VGA Signals that enable display of the appropriate 
Screen to the LCD display, where the Screens are displayed. 
The embedded System also contains a speech processor 
and/or recognition System whose output is connected with 
an audio input of the audio system. As shown, the RS232 bus 
connects both haptic controllers, the email/phonemail net 
work (and gateway and controller), and the audio system 
with the embedded system. This permits the embedded 
System and computer control to communicate with, and if 
necessary, control these Systems. The multiple Signals are 
multiplexed and transmitted along an interface having a 
limited number of wires, thereby reducing the Overall wiring 
requirements of the System. 

The audio system includes an AM/FM tuner and audio 
output. The audio output and a CD module (changer) are 
connected with a digital audio amplifier and the resulting 
amplified Signal is transmitted to the Speaker System. The 
Speaker System usually has a number of Speakers (usually 
2-8) located in various locations in the vehicle. 

Other electronics as well as the actual computer System 
necessary to create the haptic control System and that allows 
the haptic control System control the vehicle equipment, are 
not depicted. In addition, although an RS232 bus, among 
others, is shown, other communication Systems may be 
used, depending on the design specifications of the particu 
lar vehicle. 

Turning to the remainder of the system, as shown in FIG. 
5, the primary haptic control 130 contains the main haptic 
controller 132 and a set of hotkeys 134 adjacent to the main 
haptic controller 132 and the display/input section 140 
contains a display 142, a hotkey bank 144 that contains 
hotkeys 146 and is disposed adjacent to the display 142 and 
a Switch bank 148 that contains Switches 150 and is disposed 
between the display 142 and the primary haptic control 130. 
Another close up view of the main haptic controller 132 and 
hotkeys 134 adjacent to the main haptic controller 132 is 
shown in FIG. 6. The CD/DVD input below the hotkey bank 
144 is not shown. In addition, a multiple CD/DVD player 
(not shown) may be stored with the vehicle and accessed 
through the haptic control System, for example, in the trunk 
of the vehicle. 

The Switch bank 148 contains Switches 150 similar to the 
Switches 112 on the steering wheel 110. That is, basic 
vehicle equipment that is not accessible to the driver through 
the different haptic controllers or sets of hotkeys is activated 
by these switches 150. The switches 150 thus permit the 
operator (driver or passenger) to access basic vehicle equip 
ment Such as hazard lights, traction control, fog lamps, and 
rear defroster. 

The hotkeys 146 in the hotkey bank 144 and the set of 
hotkeys 134 adjacent to the main haptic controller 132 are 
Similar to the menu keys 114 disposed on the Steering wheel 
110 and allow immediate access to the function indicated on 
the particular hotkey. The set of hotkeys 134 adjacent to the 
main haptic controller 132 may be divided up into two 
groups, the first group 134a is more proximate to the driver 
than the second group 134b. The first group 134a gives the 
driver access to popular controls Such as the radio or climate 
control System, redundant with access provided by the menu 
keys 114 on the steering wheel 110. The second group 134b 
gives the passenger access to functions that may be more 
important to the passenger than the driver Such as a Separate 
climate control System for the passenger Side. 
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The hotkeys 146 in the hotkey bank 144 permit the 

operator access to functions that may or may not overlap 
with the functions accessible through the other sets of 
hotkeys. Thus, for example, the hotkeys 146 may allow 
access to the onboard navigation System, the phone or email 
Systems, or a driver information center or main menu 
displayed on the display 142, none of which may overlap 
with any of the other hotkeys. The hotkeys 146 may also 
permit access to the CD System, overlapping with one of the 
menu keys 114 on the steering wheel 110. Thus, all of the 
available functions or equipment to be controlled or dis 
played may be accessible using one or more of the menu 
keys or hotkeys in the car, although too many Sub-functions 
exist to permit instant access to each Sub-function. The 
hotkeys 146 may have one or more colors that may be 
unique (from other hotkeys and/or Switches) and correspond 
with the associated function. In addition, the hotkeys 146 
and Switches 150 may be backlit by an LED or other similar 
illumination device. 
The main haptic controller 132 functions much like the 

mini-haptic controller 116 in that the driver can select 
functions from a particular Selection of functions, enter the 
desired function, Select a Sub-function and adjust the par 
ticular Sub-function as desired. Controlling or adjusting the 
function includes both changing the present State of a 
function that is active (Such as changing the temperature) 
and activating or deactivating the function (Such as turning 
the air conditioning on or off). Of course, with the main 
haptic controller 132, the passenger can control the available 
auxiliary equipment as well as the driver. AS used herein, the 
terms manipulated or actuated refer to moving the main 
haptic controller in the Stated direction enough for the 
electronics that are connected with the main haptic control 
ler to Sense the movement. 

However, because the main haptic controller 132 is 
located on a console between the driver and the passenger, 
the size limitation of the mini-haptic controller 116 is not 
present in the main haptic controller 132. This is to say that 
the size of the motor and the associated mechanisms to 
provide the different types of tactile feedback is not as 
Severely limited by the console as by the Steering column. 
Thus, the main haptic controller 132 is larger than the 
mini-haptic controller 116, preferably knob-shaped, and is 
formed to be easily graspable by the driver. The handle is 
preferably ergonomically designed for the right hand of the 
driver in left steering wheel drive vehicles or the left hand 
in right Steering wheel drive vehicles. 
The combination of the mini-haptic controller 116 and the 

main haptic controller 132 permit the control of many 
Standard and optional vehicle functions with a reduced 
number of input devices. In addition, the mini-haptic con 
troller 116 and the main haptic controller 132 minimize the 
attention of the driver in accessing the available functions by 
applying a customized tactile feedback to the driver through 
the particular haptic controller being manipulated. 
The main haptic controller 132 may be operated through 

different manipulations. The main haptic controller 132 may 
be manipulated in a horizontal (X-axis) direction towards the 
driver or front passenger, Vertical (y-axis) direction toward 
or away from the front of the vehicle, perpendicular (Z-axis) 
direction toward the road, or rotated 360 as shown in FIG. 
7. The main haptic controller 132 is manipulated in the X or 
y direction to Select a particular function. Once the main 
haptic controller 132 has been manipulated in the x, y, or Z 
directions and then released, a return mechanism automati 
cally returns the main haptic controller 132 to a neutral 
center position. This permits the operator to find the main 
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haptic controller 132 at the same location if he or she has to 
release it for any reason, thus avoiding having to Search for 
the controller. Such haptic controllers and associated 
electronics, interfaces, and computer control System are 
conventional, and as Such the underlying mechanisms will 
not be discussed herein. 

The display 142 is an LCD, ECD, organic LCD or other 
Similar display that is connected with the appropriate elec 
tronics to drive the display. Although shown as being 
disposed between the driver and passenger, the display 142 
may be located anywhere convenient, Such as above the 
steering wheel 110 or even projected onto the windshield 
near the driver. Similarly, multiple displays 142 may exist 
within the vehicle, for example, one for the driver and 
another for the passengers. The display 142 receives inputs 
from the main haptic controller 132 and from the hotkeys 
146 in the bank 144 below the display 142 via a commu 
nication bus. 

The display 142 displays interaction options between the 
operator of the haptic controller as Simulated mechanical 
controls of the functions available to be accessed in the 
present State of the haptic control System; that is, the display 
142 shows the System presently accessed as well as the 
functions within that System. These on-screen Simulated 
mechanical controls are preferably buttons, mimicking the 
manner in which the functions are accessed conventionally 
(i.e. through individual buttons on the Steering wheel), 
thereby giving a Sense of familiarity and ease to the operator. 
The display 142 displays each system of the overall Info 
taiment System in a different Screen. Examples of various 
screens of the display 142 are shown in FIGS. 8-15. FIG. 8 
depicts the main screen; FIG. 9a, the radio screen; FIG.10a, 
the CD Screen, FIG.11a, the climate control Screen; FIG. 12, 
the driver information center; FIG. 13, the navigation 
Screen; FIGS. 14a and 14b, email Screens; and FIGS. 15a 
and 15b, phone screens. The display 142 thus illustrates the 
Infotaiment system of the vehicle. 
AS shown in these figures, the buttons thus represent 

control of particular functions and contain both textual and 
pictorial information. The textual information indicates the 
function of the button. The pictorial information illustrates 
an appropriate Symbol indicating the function of the button, 
one of the Sub-functions of the function, or the operation to 
control the function or the sub-functions. The pictorial 
information also contains interactive graphics that display 
the present State of the function through graphical and/or 
alphanumerical information. For example, in the Screen of 
FIG. 11a, the graphics of the Volume function includes the 
interactive bar graph as well as the “V” (volume) and the 
interactive Subscript number showing the Volume level, 
whereas the graphics of the DVD function is the interactive 
alphanumeric String in the circular arrow indicating that the 
DVD is in a present paused State as well as the graphic 
illustrating the pause Symbol. In the latter case, the pictorial 
information includes the circular arrow, the list of DVD 
Scenes to Select, the up and the down arrows, and the dot 
beside the currently paused (and highlighted) Scene. 

In fact, the information is primarily displayed graphically 
on the display 142 rather than textually. This is to say that 
the amount of text on the Screen is limited, to avoid the 
operator having to refer to the Screen for excessively long 
periods of time to determine which function or sub-function 
has been accessed and how to actuate that function or 
Sub-function. If numerous buttons are present in a Screen, 
they can be accessed through X-axis operation of the main 
haptic controller. The operation “wraps around” so that if the 
last button is reached, an additional operation in the same 
direction brings the selection back to the first button. 
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In one example, referring to FIG. 9a (the radio Screen), 

the Volume control is initially accessed. The button repre 
Senting the function volume control is highlighted. The word 
"VOLUME” is prominently displayed at the top of the 
button, having both a different background color (blue) than 
the general background that the buttons are on (gray) or 
background color of the button (black) and different colored 
text (white) than either background. Similarly, the text of the 
name of the System is displayed on the top center of the 
Screen. The text and background colors are chosen to 
contrast with each other, thereby permitting the viewer to 
readily identify the text. For Similar reasons, the display is 
formed Such that the general background that the buttons are 
on and the buttons contrast with each other. The buttons are 
also outlined in a varying white/gray shade So that the 
buttons appear to the viewer to be three dimensional and the 
color outlining the function Selected (red) contrasts with the 
various other colors present on the display. 

Below the text, but within the button, a symbol indicating 
the manner to adjust the Volume is displayed. AS Shown, the 
button indicates that the main haptic controller 132 must be 
rotated to change the Volume. The Symbol has interactive 
alphanumeric information that indicates the present Setting 
(as shown volume level 12 has been reached). In addition, an 
interactive graphic that shows the present Volume is dis 
posed below the Symbol. In this case, the graphic is a bar 
graph with different sizes of the bars that light up when the 
particular volume is reached (as well as the Smaller bars 
indicating lower Volumes remaining lit up). 

Another button in the radio Screen, for example, the Seek 
button, has a Symbol that indicates that the main haptic 
controller must be rotated to seek the next station. The 
present Station Selected (an interactive feature) is shown as 
87.0 FM in the middle of the circular arrow that indicates 
that rotation is necessary to change the Station. The inter 
active graphic below the symbol and text shows that the 
main haptic controller 132 must be manipulated in the y 
direction to select between the available Sub-functions of 
selecting either AM/FM (presently on FM), selecting a 
preset Station, or manually tuning the radio through rotation. 
As shown, the currently selected sub-function FM is high 
lighted in a different color than the text showing the other 
options. To change from Volume control to Switching 
between AM and FM in this menu, the highlight shows that 
the main haptic controller 132 must first be manipulated in 
the X direction to select the desired button (SEEK), then 
manipulated in the y direction to choose the desired Sub 
function (AM/FM), and then switched to AM by pushing the 
main haptic controller 132 in the Z direction, as indicated by 
an encircled dot beside the text. 

In addition to the text present in the buttons, other textual 
information indicating Settings of functions of the haptic 
control system other than the functions available in the 
present State are displayed outside the buttons. Along the 
boarders of the display 142, the time and date are displayed 
in one corner, the current radio Station or CD and track 
number are displayed in a Second corner, the driver climate 
control information is displayed in a third corner, proximate 
to the driver, and the passenger climate control information 
is displayed in the fourth corner, proximate to the passenger. 
This additional information is generally the information that 
is most desired to be reviewed and changed by the driver or 
passenger. Thus, for example, if the driver is interested in the 
Set temperature of the driver climate control, he or she does 
not have to manipulate the haptic controllers or press the 
hotkeys to Switch into that menu and then look at the display, 
he or she merely looks at the Screen as the information is 
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readily available in all menus. In addition, the manufacturer 
of the product, ALPS, is optionally displayed between the 
information in the corners. 

Each manipulation of the main haptic controller 132 in the 
X or y direction changes the Selection Singularly. In other 
words, to move the presently Selected button on the display 
142 two buttons to the right, the main haptic controller 132 
must be manipulated from the center to the right Side twice. 
While multiple motions with the main haptic controller 132 
may therefore be required, the Single Selection also prevents 
“overshoot of the selection by the driver as well as per 
mitting the driver to know exactly which button he or she 
has Selected without having to look at the display 142. 

In addition, tactile feedback is provided for operation of 
the main haptic controller 132 consistent with the operation 
to control the particular function or Sub-function of the 
particular button when the particular button has been 
selected by the operator. Tactile feedback is provided when 
adjusting the Sub-function (Such as changing the amount of 
treble or bass in the Tone function of the Radio menu shown 
in FIG. 9a or altering the Fan output the Climate control 
screen shown in FIG. 10a). Alternatively, tactile feedback 
may be added when changing from function to function in 
a particular menu or from menu to menu. 

This feedback can be uniform or dependent on the func 
tion or Sub-function and change in that function/Sub 
function. In one example of a dependent force, when 
increasing the Volume level, the operator experiences an 
increasing force as the Volume increase. The feedback 
Supplied may be the same in amplitude, frequency, and 
shape or may differ depending on the particular function 
operated. For example, the tactile feedback provided as the 
operator adjusts the Volume may have twice the frequency of 
the feedback provided as the operator adjusts the fan Speed. 
Alternately, the tactile feedback provided as the operator 
adjusts the Volume may have a constant force in each 
interval while the feedback provided as the operator adjusts 
the fan Speed may be increasing and then decreasing in each 
interval (triangular shaped waveform). Examples of differ 
ent feedback used are shown in FIG. 16 with the horizontal 
direction being time and the Vertical direction being force 
Supplied to the haptic controller. Note that these are merely 
exemplary, may more possible combinations of feedback 
force shape, frequency, and amplitude exist So that the 
function and Sub-functions may be individually identified by 
touch alone. 

While tactile feedback does not have to be provided when 
Switching between different buttons due to the Singular 
nature of the manipulation of the main haptic controller 132 
above, it may be added as a redundancy to the control 
System. Similarly, Voice redundancy is provided for limited 
functions and Supplies audible feedback of the input Selected 
by the operator. Voice redundancy is activated if a new 
Screen is Selected or a new function within that Screen is 
Selected. 

A more thorough description of the different Screens/ 
menus of the display are discussed below. The different 
screens of the LCD are of various types, which are listed in 
table 1 below. 
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TABLE 1. 

LCD Screen 

Screen Name Screen Type 

Main screen Static 
Radio Dynamic 
CD Dynamic 
Climate Dynamic 
Driver Information Center Static 
Navigation Dynamic 
E-Mail Dynamic 
Phone Dynamic 
Alps Logo Static 

Dynamic Screens permit the haptic controller to navigate 
through the Screen while Static Screens do not permit con 
troller activity and merely display information on the display 
142. The Alps Logo Screen (or other customized designed 
logo) will appear for a limited amount of time, five Seconds, 
when the car is initially turned on. The functions are 
arranged Such that there is minimal, if any, nesting of the 
functions into different Screens requiring Scrolling through 
these different screens. This is to say that rather than 
displaying a list of functions, having a desired function 
Selected and accessed, which then leads to another list of 
functions to control with the previous list being erased, as in 
the prior art, the current embodiment uses pictorial infor 
mation to display most, if not all, of the available functions 
without having to Scroll through different Screens. 
Furthermore, as each Screen may be accessed by a hotkey, 
there is no need to manipulate the main haptic controller to 
maneuver from one Screen to another Screen. Thus, rather 
than having to memorize a pattern of manipulate the haptic 
controller up X times, right y times, down once, left once, to 
get from one desired Sub-function in one function of one 
Screen to another desired Sub-function in another function of 
a different screen (or from one sub-function to the another of 
the same function) without on-screen help, as in the prior art, 
the operator merely pushes the appropriate hotkey and 
moves the main haptic controller in the X direction So that 
the desired function is outlined, manipulates it in the y 
direction So that the desired Sub-function is highlighted, and 
rotates or pushes down on it So the desired adjustment is 
obtained. Furthermore, in the Screens of the present 
embodiment, unlike that of the prior art, the haptic controller 
retains all of its degrees of freedom, that is, manipulating the 
haptic controller in all Screens where multiple functions are 
available has Some effect: permitting Selection or control of 
a function or Sub-function. 

The main Screen is displayed under the following condi 
tions: Startup after the Alps logo disappears, the main Screen 
hotkey is depressed, the System defaults to the main Screen 
after a set amount of time of inactivity, Such as 30 Seconds, 
except for predetermined Systems (e.g. Navigation and 
Radio) that are much more likely to be frequently altered or 
require much more time to review. Similarly, in one or more 
Screens, the control System defaults after a predetermined 
amount of time of inactivity to the function used most often 
(e.g. in the Radio or CD menu, the volume is the default). Of 
course, both the default times and the default functions or 
Screens can be set by the operator. The main Screen displayS 
the present radio Station that the radio is tuned to, the 
external temperature (outside the vehicle), a voicemail 
indicator, and an email indicator. The latter two indicators let 
the driver know if new voicemail or email has arrived since 
the last time he or she has accessed the particular System. An 
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example of the main screen display is shown in FIG.8. The 
colors of all of the highlighting, outlining, textual and 
pictorial information display, and backgrounds are chosen 
for the contrast reasons above. 
An example of the Radio screen is shown in FIG. 9a. The 

Radio Screen contains the following functions: Volume, 
Preset, Seek, and Tone. The Seek and Tone functions have 
multiple Sub-functions. The Volume function allows the 
operator to adjust the Volume of the audio System. The 
present Volume is shown in text Supplied with the associated 
Symbol as a number as well as graphically in an increasing 
bar graph. The Preset function permits selection of the AM 
or FM band by pressing the main haptic controller in the z 
direction as well as Selection of multiple preset Stations 
within the AM or FM band by rotating the main haptic 
controller. The preset being used, as well as the actual Station 
Selected, is shown in text Supplied with the associated 
symbol. The Seek function allows, first through y-axis 
manipulation and then Z-axis actuation, Selection of the AM 
or FM band, tuning within the selected band (rotation to find 
Station), and Setting of the different preset stations with the 
Selected band (rotation to find Station, then Z-axis actuation 
to Set). The Station Selected is shown in text Supplied with 
the associated Symbol. The Tone function permits Selection 
(y-axis manipulation and Z-axis actuation) and adjustment 
(rotation) of the treble, bass, balance, and fade. Upon 
entering the Radio (or CD) screen, the driver or passenger 
has immediate control of the Volume by rotating the main 
haptic controller. The default volume level upon entering is 
5 on a scale of 1 to 10. The voice redundancy works in 
conjunction with the music Volume; the music is muted by 
the vocal feedback and the driver will not be able to hear the 
music and voice redundancy simultaneously. The voice 
redundancy announces RADIO when entering the Radio 
screen, VOLUME when entering the Volume function, 
PRESET when entering the Preset function, SEEK enter 
ing the Seek function, and "TONE when entering the Tone 
function. Adouble push of any audio hotkey (i.e. Radio, CD) 
will turn off that function. FIG. 9b Summarizes the func 
tionality of the radio Screen. 
An example of the Climate is shown in FIG. 10a. The 

Climate Control Screen contains the following functions: 
Driver, Fan, Mode, and Pass. The Driver/Pass function 
allows the operator to adjust the temperature on the driver/ 
passenger side (rotation) and turn the air conditioning on or 
off (Z-axis actuation). The temperature setting is shown as 
text in the associated symbol. The Fan function allows the 
operator to adjust the fan Speed through five fan Settings 
(low, medium low, medium, medium high, and high) by 
rotation or permit automatic fan Selection by computer 
control through Z-axis actuation. The Mode function allows 
the operator to adjust the mode by rotating the main haptic 
controller to direct the air flow to the front panels, defrost, 
or towards the feet. The operator can also choose to 
re-circulate the air in the vehicle by actuating the main 
haptic controller in the Z direction. Upon entering the 
Climate Control Screen, the driver or passenger has imme 
diate control of the driver Side temperature by rotating the 
main haptic controller. The Voice redundancy announces 
'CLIMATE when entering the Climate Control screen, 
"TEMP when entering the driver or passenger temperature 
control function, MODE when entering the Mode function, 
and 'FAN when entering the Fan function. A double push of 
the Climate hotkey will turn off the climate control function. 
FIG. 10b Summarizes the functionality of the climate control 
SCCC. 

An example of the CD screen is shown in FIG. 11a. The 
CD screen contains the following functions: Volume, Track, 
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Mode, and DVD. The Volume function duplicates the Vol 
ume function of the Radio Screen. The Track function 
permits the operator to select the desired CD and track by 
manipulating the main haptic controller in the y direction to 
the desired CD, pressing downward in the Z direction to 
choose the highlighted CD, and then rotating to Select the 
track. The track Selected is displayed within the rotation 
symbol as T with the track number. The Mode function 
allows the user to rotate the main haptic controller to choose 
between a normal play mode, random CD play mode, 
random track play mode, and repeat CD mode. The current 
mode is shown inside the mode adjustment symbol. The 
DVD function permits the user to rotate to establish one of 
the DVD modes: Play, Stop, Rewind, Fast Forward, Pause, 
Scene 1-Max or Select the Scene through y-axis manipula 
tion and then Z-axis actuation. The current DVD mode is 
shown both textually and symbolically within the DVD 
mode adjustment Symbol. Upon entering the CD Screen, the 
operator has immediate control of the Volume. The Voice 
redundancy announces CD when entering the CD Screen, 
"VOLUME’ when entering the Volume function, DISK 
when entering the Track function, MODE entering the 
Mode function, and DVD when entering the DVD function. 
FIG. 11b Summarizes the functionality of the CD screen. 
An example of the Navigation screen is shown in FIG. 12. 

The Navigation display contains only one function with 
multiple Sub-functions. The operator may opt to enter a 
destination, Zoom in on the map of that location, or plot a 
route to that location and get directions using Standard 
available GPS controls. The operator is able to Zoom-in and 
out with rotation of the main haptic controller with the 
amount of Zoom being displayed within the rotation symbol. 
Upon entering the Navigation Screen, the Voice redundancy 
announces NAVIGATION, and a map of the current posi 
tion is the first map displayed. The navigation inputs can be 
achieved through the use of input Screens Similar to those 
used in standard GPS devices used in vehicles, i.e. through 
Successive entry of the State, city, Street, and location on the 
Street in different alphanumeric and alphabetic listing 
SCCCS. 

An example of the Driver Information Center display is 
shown in FIG. 13. The Driver Information Center Screen 
contains no functions and merely displayS Vehicle informa 
tion in a textual and pictorial format. The information 
displayed includes Mileage, Fluids, Maint, and Systems. 
The Mileage button shows the current mileage Since last 
being reset (control on the steering wheel) and miles per 
gallon over this mileage, both of which are displayed 
numerically. The Fluids button indicates the amount of 
windshield wiper fluid and lifetime of the oil both numeri 
cally and graphically as bars of different colors filled to the 
appropriate amount. The Maint button numerically displayS 
the mileage until the next maintenance or Service for the 
vehicle is required. The Systems button displays any prob 
lems with the vehicle textually, for example, driver's side 
Seatbelt unfastened, door open, check engine, or low fuel. 
Upon entering the Driver Information Center Screen, the 
voice redundancy announces DRIVER INFO. Other func 
tions may be available, Such as a clock Set function to Set the 
time/date of the System. 
An example of the email menu display is shown in FIGS. 

14a and 14b. FIG. 14c Summarizes the functionality of the 
Email Screen. The Email Screen contains only one function 
with multiple sub-functions. In the inbox screen, shown in 
FIG. 14a, the email button is disposed on the left side of the 
Screen with current emails (the inbox) displayed in a larger 
box to the right of the email button. The email function 
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contains the main Sub-functions: Read, Reply, and Delete, 
which are Selected by y direction manipulation and activated 
by pressing in the Z direction. The inbox shows which emails 
have not yet been read (as shown, the envelope at the Side 
of the email), the date received, the Sender, and a few words 
of the Subject line, much like conventional computer email 
Systems. The operator can Select an email in the inbox by 
rotating the main haptic controller, the email Selected being 
highlighted. 

If an email is Selected and read, the inbox Screen changes 
to a read Screen that displays the text of the email, as shown 
in FIG. 14b. At the same time the email button changes so 
that the first Sub-function becomes Inbox, rather than Read. 
The operator, if he or she does not wish to reply or delete the 
particular email displayed, can return to the inbox by press 
ing the main haptic controller again while the Inbox. Sub 
function is highlighted. Thus, the operator can transition 
between the inbox and the message that is displayed by 
Z-axis movement as long as the push button Symbol is beside 
the Inbox choice on the email button. 

Of course, as in conventional computer Systems other 
mailboxes and associated email Screens can be added, while 
Sub-functions to choose the added mailboxes (and go back 
to the inbox if in the other mailbox) are added to the email 
button. 
No Voice redundancy is provided for transitioning 

between mailboxes or executing an email function. This 
System preferably does have a text to Speech function that 
allows the computer to read the email to the driver, thereby 
again permitting the attention of the driver to remain on the 
road rather than on the display 142. This is also true for 
phone messages voicemail as described below. However, the 
occupants of the vehicle are notified of a new message on the 
main screen shown in FIG. 8 and by the voice redundancy 
system stating YOUVE GOT MAIL or some similar 
announcement. The operator can then preSS the email hotkey 
to enter the email Screen shown in FIG. 14.a. Upon entering 
the email main menu, the voice redundancy System 
announces EMAIL. 

An example of the phone menu display is shown in FIGS. 
15a and 15b. FIG. 15c Summarizes the functionality of the 
Phone screen. In the main Phone screen, the phone button is 
disposed on the left Side of the Screen with the appropriate 
list displayed in a larger box to the right of the phone button. 
The phone function contains the Sub-functions: Contact List, 
Voice Mail, and Delete, which are selected by y direction 
manipulation. In the Contact List, as shown in FIG. 15a, the 
contact perSon and number are displayed in alphabetical 
order in the box to the right of the phone button. To call a 
particular contact, the operator rotates the main haptic 
controller to highlight and Select that contact, and then 
actuates the controller downward in the Z direction. 

When the Voice Mail is selected, the screen changes to a 
display similar to that illustrated in FIG. 15b. The main 
voicemail Screen shows the person (or number if the person 
is not in the contact list or otherwise known), whether or not 
the operator has called the perSon back after having accessed 
the Voicemail, and the time and date the Voicemail was 
received. To play a particular voicemail, the operator rotates 
the main haptic controller to highlight and Select that 
Voicemail, and then actuates the controller downward in the 
Z direction. At that point the Voicemail message, whether old 
or new, will be broadcast through the vehicle speakers. Other 
sound (music, video sound) will be muted and CD and DVD 
play can be Suspended when Voicemail has been Selected by 
the operator or when the Voicemail is to be played. Voice 
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mail replay can be stopped by Z-axis motion of the main 
haptic controller and the other Sound will once again com 
mence. When the Voicemail message has finished or the 
Voicemail function has been deselected by Z-axis actuation, 
the voicemail functionality will automatically turn off, the 
CD/DVD will resume if appropriate, and the other sound 
will return from muted to the volume level of its last state. 

In either the Contact List or Voice Mail Screens, the 
particular listing can be deleted through the Delete Sub 
function by Selecting the particular listing, moving to the 
Delete function and actuating in the Z direction. Any Suitable 
technology may be used to transmit or receive information 
(phone/email), such as 2.4 GHz. Bluetooth or other wireless 
technology. 

In addition, a voice recognition System may be added to 
the above. Voice recognition Systems have increased in 
power and Versatility in the last few years and are generally 
well known, although the application in vehicle technology 
is limited, at best. The application of a voice recognition 
System, however, is likely to increase the Safety of the 
control System by allowing the driver to control a desired 
function while not requiring the driver to either remove his 
or her hands from the wheel or eyes from the road. Given the 
necessary processing requirements or voice recognition and 
limited Space/cost constraints for Vehicles, however, only a 
limited number of functions may be able to be controlled. In 
this case, the most accessed features (radio, CD, and climate 
control) are Suitable candidates to provide voice recognition. 

Other additional useful vehicle features may also be 
Supplied Such as a passive remote keyleSS entry System 
(RKE), engine immobilizer, or pushbutton start, all of which 
are well known in the art. 

In Summary, cost of the vehicle is decreased due to the 
elimination of Stalk Switches, as is the overall clutter of 
electronics necessary to control the vehicle equipment, Such 
as radio control head and HVAC control head. In addition, 
the Safety of occupants of the vehicle is increased by the 
arrangement of multiple haptic controllers, menu keys, 
hotkeys, and Switches appropriately located on and off the 
Steering wheel. By judicious and logical design of the 
various controls, as well as display of the functions on the 
Screen, the attention of the driver can be focused on the road 
rather than on equipment adjustment. The operator of the 
haptic controllerS is able to change parameters of the vehicle 
equipment and their status on the display. Main functions 
have immediate access by using the designated hot-keyS. 
The Steering wheel controls also Some redundant operations 
for radio and climate control and control non-redundant 
operations Such as the turn Signal, windshield wipers, cruise 
control, lights and System mute. The types of inputs that 
control vehicle functions include: a main haptic controller 
located on a console between the driver and front Side 
passenger that is movable in the X, y, and Z directions and 
rotatable, a mini-haptic controller located on the Steering 
wheel that is rotatable and movable in the Z direction, 
Switches and menu keys located on the Steering wheel and 
hotkeys located off the Steering wheel. The outputs include 
an LCD or other comparable Screen, tactile feedback, Voice 
feedback redundancy, and the functional outputs (e.g. equip 
ment outputs such as radio, climate control (HVAC), CD, 
Wipers, turn signals, etc . . . ). 

While particular embodiments of the present invention 
has been shown and described, modifications may be made. 
It is therefore intended in the appended claims to cover Such 
changes and modifications which follow in the true Spirit 
and Scope of the invention. 
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What is claimed is: 
1. A dual haptic control System comprising: 
a first haptic controller disposed on a steering wheel of a 

vehicle; 
a Second haptic controller disposed on a console Separated 
from the Steering wheel; and 

device that, when a particular Screen is accessed, permits 
control of a most often used function directly from the 
particular Screen. 

2. The dual haptic control system of claim 1, wherein the 
first haptic controller and the Second haptic controller con 
trol overlapping functions of the vehicle. 

3. The dual haptic control system of claim 1, wherein the 
first haptic controller is a mini-haptic controller that controls 
fewer functions of the vehicle than the Second haptic con 
troller control. 

4. The dual haptic control system of claim 1, wherein the 
first haptic controller comprises a haptic wheel interface 
having functions Selected through rotation and activated 
through depressing the wheel interface. 

5. The dual haptic control system of claim 1, further 
comprising menu keys on the Steering wheel that direct 
control of the first haptic controller to a desired function to 
be controlled. 

6. The dual haptic control system of claim 5, further 
comprising hotkeys adjacent to the Second haptic controller 
that direct control of different functions to be controlled than 
the menu keys. 

7. The dual haptic control system of claim 6, further 
comprising Switches disposed on the Steering wheel, the 
Switches controlling functions of the vehicle not controlled 
by either of the first and second haptic controllers. 

8. The dual haptic control system of claim 7, wherein the 
Switches are arranged Such that groups of Switches control 
ling related functions are grouped together. 

9. The dual haptic control system of claim 1, further 
comprising a voice redundancy mechanism that provides 
voice redundancy for limited functions controlled by the first 
and Second haptic controllers. 

10. The dual haptic control system of claim 1, wherein 
only a portion of the Steering wheel related to the first haptic 
controller provides tactile feedback. 

11. The dual haptic control system of claim 1, further 
comprising a display that displayS results of interaction 
between an operator and either of the first and Second haptic 
controllers, wherein the display displays interaction options 
between the operator and the Second haptic controller as 
Simulated mechanical controls of functions available to the 
operator in a present State of the haptic control System and 
operations of the Second haptic controller to control the 
functions available to the operator in the present State. 

12. The dual haptic control system of claim 11, wherein 
the Simulated mechanical controls are buttons and an opera 
tion to control one of a particular function and a Sub-function 
of a particular button available to the operator is disposed 
within the particular button. 

13. The dual haptic control system of claim 12, wherein 
information of Settings of functions of the haptic control 
System other than the functions available in the present State 
are displayed outside the buttons. 

14. The dual haptic control system of claim 13, wherein 
the buttons contain both text and graphics, the text indicating 
the particular function of the particular button and the 
graphics illustrating one of an appropriate Symbol indicating 
the particular function of the particular button, Sub-functions 
of the particular function, and the operation to control the 
one of the particular function and Sub-function. 
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15. The dual haptic control system of claim 14, wherein 

the tactile feedback is provided for operation of the Second 
haptic controller consistent with the operation to control the 
one of the particular function and Sub-function of the 
particular button when the particular button has been 
Selected by the operator. 

16. The dual haptic control system of claim 1, further 
comprising a Steering column devoid of Stalk Switches. 

17. A method of controlling functions of a vehicle com 
prising: 

controlling a first set of the functions of the vehicle 
through haptic control on a steering wheel of the 
vehicle; 

controlling a Second Set of the functions of the vehicle 
through Separate haptic control on a console of the 
Vehicle; and 

when a particular Screen is accessed, allowing control of 
a most often used function directly from the particular 
SCCC. 

18. The method of claim 17, further comprising estab 
lishing redundant control of Some of the same functions 
between the haptic controls on the Steering wheel and the 
console. 

19. The method of claim 17, further comprising limiting 
the first set of functions to fewer functions than the second 
Set of functions, the haptic control on the Steering wheel 
movable in a Smaller number of directions than the haptic 
control on the console. 

20. The method of claim 19, further comprising duplicat 
ing all of the first Set of functions in the Second Set of 
functions. 

21. The method of claim 17, further comprising directly 
accessing control of a desired function to be controlled of the 
first Set of functions through menu keys on the Steering 
wheel. 

22. The method of claim 21, further comprising directly 
accessing control of a desired function to be controlled of the 
Second Set of functions through hotkeys that are proximate 
to the console. 

23. The method of claim 22, further comprising display 
ing results of use of any of the haptic controls, the menu keys 
and the hotkeys. 

24. The method of claim 17, further comprising control 
ling functions of the vehicle uncontrolled by any of the 
haptic controllers through Switches and menu keys arranged 
on the Steering wheel in a logically consistent format Such 
that groups of Switches and groups of menu keys each 
having related functions are grouped together. 

25. The method of claim 17, further comprising receiving 
Vocal redundancy when one of accessing and controlling 
limited functions controlled by the haptic controls. 

26. The method of claim 17, further comprising, when 
controlling the first Set of functions through the haptic 
control on the Steering wheel, receiving tactile feedback on 
the Steering wheel only from a portion of the Steering wheel 
containing the haptic control on the Steering wheel. 

27. The method of claim 17, further comprising display 
ing interaction options between an operator and the Separate 
haptic control as Simulated mechanical controls of functions 
available to the operator in a present State and operations of 
the Separate haptic control to control the functions available 
to the operator in the present State. 

28. The method of claim 27, further comprising display 
ing the Simulated mechanical controls as buttons that each 
contain an operation to control one of a particular function 
and a sub-function of the button available to the operator. 

29. The method of claim 28, further comprising including 
both text and graphics in each button, the text indicating the 



US 6,961,644 B2 
23 

particular function of the button and the graphics illustrating 
one of an appropriate Symbol indicating the particular func 
tion of the button, Sub-functions of the particular function, 
and the operation to control the one of the particular function 
and Sub-function. 

30. The method of claim 29, further comprising receiving 
tactile feedback for operation of the Separate haptic control 
consistent with operation to control the one of the particular 
function and Sub-function of the button when the button has 
been Selected by the operator. 

31. The method of claim 27, further comprising display 
ing information of Settings of functions other than the 
functions available in the present State displayed outside the 
buttons. 

32. The method of claim 17, further comprising eliminat 
ing Stalk Switches on a steering column of the vehicle. 

33. A method of Supplying vehicle information for a 
vehicle on different Screens, the method comprising: 

grouping the vehicle information into different Systems of 
the vehicle; 

providing different sets of adjustable functions for the 
different Systems; 

displaying each Set of adjustable functions for a particular 
System on a representative Screen for displaying the 
adjustable functions of a presently Selected System, and 
pictorially representing the adjustable functions, picto 
rial representations of the adjustable functions contain 
ing one of interactive graphics and an interactive alpha 
numerical display that correspond to present States of 
the adjustable functions, 

Selecting an adjustable function of the vehicle through 
manipulation of a haptic controller in the vehicle; 

controlling a present State of the Selected adjustable 
function through manipulation of the haptic controller; 

indicating the present State of the controlled adjustable 
function on the representative Screen displaying the 
presently Selected System; and 

when a particular Screen is accessed, allowing control of 
a most often used function directly from the particular 
SCCC. 

34. The method of claim 33, further comprising incorpo 
rating textual information with the pictorial representations, 
the textual information Supplied with each adjustable func 
tion indicating a name of the adjustable function. 

35. The method of claim 33, further comprising display 
ing the adjustable functions as buttons and incorporating the 
pictorial representations in the buttons. 

36. The method of claim 35, further comprising display 
ing available Sub-functions of each adjustable function in the 
button corresponding to the adjustable function that include 
the available Sub-functions. 

37. The method of claim 36, further comprising 
displaying, in the button corresponding to the adjustable 
function, a method of controlling one of the adjustable 
function and a presently Selected available Sub-function of 
the adjustable function using the haptic controller. 

38. The method of claim 36, further comprising 
displaying, in the button corresponding to the adjustable 
function, textual information indicating the present State of 
the adjustable function. 

39. The method of claim 36, further comprising high 
lighting a presently Selected Sub-function. 

40. The method of claim 35, further comprising outlining 
a presently Selected button. 

41. The method of claim 35, further comprising 
displaying, outside the buttons, information other than that 
of the presently Selected System. 

1O 

15 

25 

35 

40 

45 

50 

55 

60 

65 

24 
42. The method of claim 33, further comprising Supplying 

one of tactile and Voice feedback to an operator of the haptic 
controller that indicates one of when a Screen is entered and 
when one of a function and Sub-function displayed is 
Selected, when the one of the Screen is entered and the one 
of the function and Sub-function displayed is Selected. 

43. A system that provides vehicle information to an 
occupant of a vehicle, the System comprising: 

electronic components including a processor, memory, 
and Video display circuitry, the processor grouping the 
vehicle information into different systems of the 
Vehicle that have Sets of adjustable functions, 

a display having a Screen, the processor controlling the 
display to display each Set of the adjustable functions 
for a particular System on a representative Screen that 
displays the adjustable functions of a presently Selected 
System and to Supply pictorial representations of the 
adjustable functions, the pictorial representations con 
taining one of interactive graphics and an interactive 
alphanumerical display that correspond to present 
States of the adjustable functions, the representative 
Screens and pictorial representations Stored in the 
memory, and when a particular Screen is accessed the 
processor also allowing control of a most often used 
function directly from the particular Screen; and 

inputs through which the adjustable functions are 
adjusted, the inputs including a haptic controller 
manipulated to Select one of the adjustable functions 
and control a present State of the Selected adjustable 
function, 

wherein the electronic components receive signals from 
the inputs and transmit Signals to the display indicating 
the present state of the controlled adjustable function 
on the representative Screen displaying the presently 
Selected System. 

44. The system of claim 43, wherein the processor con 
trols the display to incorporate textual information with the 
pictorial representations, the textual information Supplied 
with each adjustable function indicating a name of the 
adjustable function. 

45. The system of claim 43, wherein the processor con 
trols the display to display the adjustable functions as 
buttons and incorporating the pictorial representations in the 
buttons. 

46. The system of claim 45, wherein the processor con 
trols the display to display available Sub-functions of each 
adjustable function in the button corresponding to the adjust 
able function that include the available Sub-functions. 

47. The system of claim 46, wherein the processor con 
trols the display to display, in the button corresponding to 
the adjustable function, a System of controlling one of the 
adjustable function and a presently Selected available Sub 
function of the adjustable function using the haptic control 
ler. 

48. The system of claim 46, wherein the processor con 
trols the display to display, in the button corresponding to 
the adjustable function, textual information indicating the 
present State of the adjustable function. 

49. The system of claim 46, wherein the processor con 
trols the display to highlight a presently Selected Sub 
function. 

50. The system of claim 45, wherein the processor con 
trols the display to outline a presently Selected button. 

51. The system of claim 45, wherein the processor con 
trols the display to display, outside the buttons, information 
other than that of the presently Selected System. 

52. The system of claim 43, further comprising an audio 
System controlled by the processor, wherein the processor 



US 6,961,644 B2 
25 

controls signals to Supply one of tactile and Voice feedback 
to an operator of the haptic controller that indicates one of 
when a Screen is entered and when one of a function and 
Sub-function displayed is Selected, when the one of the 
Screen is entered and the one of the function and Sub 
function displayed is Selected. 

53. A dual haptic control System comprising: 
a first haptic controller disposed on a steering wheel of a 

vehicle; 
a plurality of other controls disposed on the Steering 

wheel; 
a Second haptic controller disposed on a console Separated 
from the Steering wheel; and 

a device that, when a particular Screen is accessed, per 
mits control of a most often used function directly from 
the particular Screen 

15 
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wherein the first haptic controller and the Second haptic 

controller control overlapping functions of the vehicle. 
54. The dual haptic control system of claim 53, wherein 

only limited functions controllable by the second haptic 
controller are controllable by the first haptic controller. 

55. The dual haptic control system of claim 54, wherein 
no functionality overlap exists between the other controls on 
the Steering wheel and the Second haptic controller. 

56. The dual haptic control system of claim 53, wherein 
every function controllable by the first haptic controller is 
also controllable by the Second haptic controller. 

57. The dual haptic control system of claim 53, wherein 
no functionality overlap exists between the other controls 
and the first haptic controller. 

k k k k k 
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